Abstract: Guedes-Pinto paste is the filling material most employed in Brazil for endodontic treatment of deciduous teeth; however, the Rifocort ® ointment has been removed. Thus, the aim of this study was to investigate the antimicrobial potential of filling pastes, by proposing three new pharmacological associations to replace Rifocort ® ointment with drugs of already established antimicrobial power: Nebacetin ® ointment, 2% Chlorhexidine Gluconate gel, and Maxitrol ® ointment. A paste composed of Iodoform, Rifocort ® ointment and Camphorated Paramonochlorophenol (CPC) was employed as the gold standard (G1). The other associations were: Iodoform, Nebacetin ® ointment and CPC (G2); Iodoform, 2% Chlorhexidine Digluconate gel and CPC (G3); Iodoform, Maxitrol ® ointment and CPC (G4). The associations were tested for Staphylococcus aureus (S. aureus),
Introduction
One of the purposes of the pediatric dental clinic is to maintain primary teeth in anatomical and functional condition until their normal exfoliation, insofar as these teeth perform important roles, such as aesthetic, phonetic and morphological functions. 1 Oftentimes, dental traumas or extensive caries lesions affect the pulp of deciduous teeth, making the maintenance of these on the arc dependent on endodontic treatment.
Use of the pulpectomy technique on deciduous dentition has several obstacles, such as molar root curvature, root canal complexity and physiological resorption. 2 In addition to these difficulties, there is the
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infection of root canals, of polymicrobial origin. 3, 4 For all of these reasons, the chemical-mechanical preparation of these root canals becomes complex, requiring the reduction or elimination of any bacteria with antimicrobial irrigants and, especially, with an antimicrobial filling material of vast microbial spectrum, good diffusion and resorbability. The filling materials most commonly employed for pulp therapy in deciduous teeth are zinc oxide paste (OZE), iodoform-based paste (IBP) and calcium hydroxide (HCa), among others. 5, 6 In addition, in Brazil, the most widely used filling paste is GuedesPinto paste, 7, 8 a drug combination composed of Iodoform, Rifocort ® ointment and Camphorated Paramonochlorophenol (CPC), 9 which has shown great potential as a antimicrobial and biocompatible filling material for primary teeth. 10, 11 However, one of its components -Rifocort ® ointment -composed of an association of antibiotic (Sodium Rifamycin SV) with corticosteroid (21-prednisolone acetate) was removed from the market, restricting current use of this paste.
Therefore, this study aimed at investigating the antimicrobial potential of filling pastes, by proposing three new pharmacological associations to replace Rifocort ® ointment with drugs of already established antimicrobial power.
The null hypothesis is that all the tested pastes have the same antimicrobial potential.
Methodology
The antimicrobial activity of different pastes was tested against standard strains of microorganisms obtained from a reference collection of the National Institute of Quality Control in Health (NIQCH) of the Osvaldo Cruz Foundation (FIOCRUZ, Rio de Janeiro, Brazil). Table 1 .
Specimens of S. aureus (ATCC
The method to evaluate the bacteriostatic activity was Dilution on Solid Medium -Orifice Agar. 12 The analyses were performed in triplicate. Each microbial strain suspension was adjusted to the turbidity level, corresponding to tube #1 of the McFarland scale, for an approximate concentration of 3 x 10 8 cells per mL. Seventy-eight plates were prepared, 18 for G1 paste (6 microorganisms in triplicate); 18 for G2 paste; 18 for G3 paste; and 18 for G4 paste. Six control plates were prepared without the addition of pastes, to confirm the bacterial growth on the pour-plate, at 37°C, for 24/48 hours.
After the Petri plates were prepared with Brain Hearth Infusion medium (BHI -HiMedia ® , Mumbai, India) + 2% of pure Agar (Merck, Darmstadt, Germany) [plus 5% defibrinated sheep blood (Laborclin, Pinhais, Brazil), for S. mutans and S. oralis], the new cultures were separated (18/24 hours) on BHI broth, into The procedure for pour-plate preparation consisted of mixing 0.5 mL of recent culture with 4.5 mL of melted, sterilized agar. This mixture was poured into a Petri plate, onto the particular medium, using circular motions until it filled the plate and solidified. A hole was made in the center of each plate to add the materials. The hole made in the agar for placement of the pastes was performed with a sterile tube specifically for this purpose. The hole depth and diameter were 3 mm and 15 mm, respectively. The bottom of the hole was sealed with melted BHI agar to avoid leakage of the pastes.
The procedure for paste preparation consisted of placing the components in ceramic mortar and mixing them with a pestle, using circular motions until the paste appeared smooth and homogeneous. The mixture was placed in a 3 mL disposable sterile syringe (Plastipak TM , Curitiba, Brazil) to facilitate accurate application.
The plates were then identified and 0.2 mL of each paste were dispensed into previously prepared holes. They were left undisturbed for 15 minutes to allow for product diffusion, and were incubated at 37°C for 24/48 hours.
The reading of the plates was performed in 24/48 hours to observe bacteriostatic activity. A transparent and smooth track around the orifice, corresponding to inhibition of bacterial growth, was observed with the naked eye on an illuminated background to obtain the results. The measurement was performed using a millimeter ruler from the edge of the opening in the agar to the end of the area observed. The agar in the area where the product does not act appeared opaque from bacterial growth.
A sample of the inhibition range of each paste tested was collected with a bacteriological loop to investigate the bactericidal activity. Each sample was placed in nutrient broth for 24/48 hours to determine bacterial growth, which was observed as turbidity of the medium. Since the medium did not become turbid, the bactericidal action was confirmed. When there was bacterial growth, the test organism was confirmed by chiming in nutrient agar.
The data were analyzed with the SPSS program for Windows 15.0 (SPSS Inc., Chicago, USA). Data normality was tested with the Shapiro-Wilk test. ANOVA was used for variables that represent the microorganisms, and showed normal distribution, whereas Kruskal-Wallis was used for non-normal variables. A significance level of 5% was considered.
Results
The analytical statistics of data on measures of central tendency (mean or median) and dispersion (1Q3 or standard deviation) of the growth inhibition tracks of microorganisms tested are shown in Table 2 .
Analyzing the pastes in regard to bacteriostatic capacity, it was observed that all the pastes, including G1 paste, were bacteriostatic against all the organisms tested.
Pastes G2, G3 e G4 performed similarly in regard to bacteriostatic activity, when comparing their ability to control E. faecalis, E. coli, B. subtilis, S. oralis and S. mutans microorganisms. However, an analysis of Table 2 shows that there was a statistically significant difference for S. aureus, as tested by ANOVA. This difference was observed by applying the Tukey multiple comparison test, according to which the difference was found to be between G2 and G3, which showed the worst and the best performance, respectively. Evaluating the pastes for bactericidal capacity, it was observed that the E. coli, S. aureus, S. oralis and S. mutans microorganisms were sensitive to their bactericidal effect in all the groups. Only groups G3 and G4 showed bactericidal activity for E. faecalis, and no group was bactericidal for the B. subtilis microorganism.
Discussion
This study was developed because of the need to find a filling material to treat deciduous teeth, having optimal antimicrobial potential and good diffusion, and being resorbable. The results showed that the null hypothesis was accepted, since all the pastes tested showed similar antimicrobial activity, compared with Guedes-Pinto paste.
The OZE is widely used in the endodontic treatment of primary teeth. However, despite high success rates, there are disadvantages involving the difference between the degree of tooth resorption and the paste. 13 Moreover, if the paste is forced through the radicular apex, there is a risk of causing a deviation of the eruption trajectory of the permanent successor tooth.
14 The HCa paste is another optional filling material, due its favorable properties, such as biocompatibility, as well as bactericidal, resorbable and radiopaque features. 15 However, its use is associated with internal resorption. 16 The IBP have long been applied in dentistry. 17 Guedes-Pinto paste is one such paste, and has demonstrated high rates of clinical and radiographic success in pulpotomies 18 and pulpectomies. 19 However, the fact that one of the components of the original paste is no longer available on the market has required that alternative components be found and researched to make a similar paste.
An important consideration in choosing the materials to be used was that 2% Chlorhexidine Digluconate gel is a potent antimicrobial agent widely used in dentistry for disinfecting root canals, and has a very high therapeutic index in endodontics. 20 This agent delivers excellent action against gram-positive and gram-negative bacteria, offers 12 weeks of dentine substantivity, and is biocompatible with the periapical tissues. 21 However, studies suggest that chlorhexidine in high concentrations, as that used in this study, poses a potential systemic risk by producing reactive oxygen species (ROS), causing oxidative damage to deoxyribonucleic acid (DNA), and the release of para-chloroaniline, a cytotoxic agent with carcinogenic potential in humans. 22, 23 Although Nebacetin ® ointment and Maxitrol ® ointment are not used in dental treatment, they have already established antimicrobial power in their respective uses. Maxitrol ® ophthalmic ointment has a composition similar to that of Rifocort ® , insofar as it is composed of associations of corticosteroids (Dexamethasone) and antibiotics (Neomycin Sulfate and Polymyxin B Sulfate), and is used in ocular inflammatory conditions from bacterial infection. 24 
Nebacetin
® ointment consists of the association of two antibiotics -Bacitracin and Neomycin Sulfate. It provides bactericidal action against both gram positive and gram negative bacteria, and is used to treat infections of the skin and mucosa. 25 These drugs were selected not only for these characteristics, but also because they have no contraindication regarding drug interaction with the other components of the paste.
However, the antimicrobial activity of associations is only the first step, since a balance needs to be reached between this feature and cytocompatibility. Thus, after the antimicrobial effect has been proven, the biocompatibility of the pastes must be tested by many parameters, such as genotoxicity, mutagenicity, carcinogenicity, cytotoxicity, histocompatibility and microbial effects. 26 In spite of the proven presence of strictly anaerobic microorganisms in pathogenic pulp flora, pure aerobic and facultative anaerobic cultures were chosen, because these microorganisms are most commonly used in studies that test the antimicrobial activity of materials used in endodontic therapy. 4, 27 Furthermore, studies show that the microbiota of root canals with endodontic failure is usually composed of facultative anaerobic gram-positive bacteria. 3, 4, 28 The bacteriostatic and bactericidal power of an antimicrobial drug should be considered in determining its potential. Regarding bacteriostatic power, G1 paste demonstrated this potential in all the microorganisms tested, as already shown. 11, 27 Similarly, all paste tests showed this property for all microorganisms. When G2 and G3 pastes were tested against S. aureus, they were statistically different, compared with the control paste, i.e., G2 underperformed regarding inhibition halos and G3 had the best performance. The superiority of G3 against S. aureus could be related to its proven efficacy as an antimicrobial agent in infected root canals, 29 and its diffusion power. Because Nebacetin ® ointment is a drug that meets practically all the criteria for an ideal antibiotic, considering that it has broad spectrum bactericidal activity (including gram-positive and gram-negative action), the inferiority of the G2 paste can be explained by its consistency, which could have hindered the diffusion of this paste in the medium.
In relation to bactericidal activity, all the pastes demonstrated this characteristic against S. aureus, S. mutans, S. oralis and E. coli. Only G3 and G4 pastes were bactericidal for E. faecallis, and no paste showed bactericidal power against the B. subtilis microorganism. These results corroborate the findings of previous studies, where the G1 paste was not bactericidal for E. faecallis and B. subtilis microorganisms. 27 Because B. subtilis is not a microorganism found in pathogenic oral flora, the above result has no clinical relevance in the endodontic treatment of primary teeth. As already described, this bacterium was used because it served as a quality parameter in sensitivity tests of antimicrobial agents, which demonstrated excellent action. 30 The resistance of the E. faecalis microorganism to antimicrobial agents, as already demonstrated, 4, 28 was confirmed in this study. This finding is clinically relevant for the filling of deciduous teeth, because this organism has been found in infected root canals. 3 The aim of achieving pharmacological associations of filling materials for primary teeth, having antimicrobial power able to act on endodontic pathogenic flora, was achieved in its first stage.
Conclusion
The antimicrobial potential evidenced in tested pharmacological associations showed that they are capable of being used in the endodontic treatment of primary teeth. However, further studies are required to evaluate the tissue compatibility of associations, so as to allow their clinical use.
